Background/Aims: Cholestasis is characterized by intrahepatic accumulation of cytotoxic bile acids (BAs), ultimately leading to fibrosis and cirrhosis, but the precise role of BAs in cholestasis-induced liver fibrosis remains largely elusive. In this study, we investigated the role and the potential mechanisms of BAs during cholestasis in vivo and in vitro. Methods: The effect of BAs during cholestasis was studied in bile duct ligation (BDL) rat models in vivo. We performed immunohistochemistry, Western blotting, and quantitative RT-PCR to investigate the expression of connective tissue growth factor (CTGF/CCN2) in rat liver during cholestasis. The hepatic cell lines AML12 and BRL were stimulated with taurocholate (TC) and the level of CTGF/CCN2, and activation of ERK, Akt, p38 MAPK, JNK, YAP, and TGF-β/Smad signaling were examined using Western blotting. Next, to elucidate the mechanism underlying bile acidinduced CTGF/CCN2, we treated the cells with MEK1/2 inhibitor (U0126), YAP function inhibitor (verteporfin), p38 kinase inhibitor (SB203580), Akt inhibitor (MK2206), and small interfering RNA (siRNA) targeting mek1, erk, and yap in cooperation with TC. Besides, we confirmed the activation of these signaling pathways in BDL and sham rat livers by immunohistochemistry, Western blotting, and quantitative RT-PCR. Results: In this study, we confirmed that the expression of CTGF/CCN2 was increased in BDL-induced rodent cholestatic liver fibrosis. In addition, we showed that TC, the main component of BAs, enhanced the synthesis of CTGF/ CCN2 in AML12 and BRL hepatic cell lines. Moreover, we demonstrated that TC activated ERK, Akt, and YAP signaling in hepatocytes, but the precise roles of these signaling cascades in the expression of CTGF/CCN2 were different: TC-induced expression of CTGF/CCN2 was mediated by ERK-YAP signaling, whereas Akt signaling inhibited ERK signaling and YAP and Ze-yang Ding
Introduction
Cholestatic liver diseases are characterized by intrahepatic accumulation of bile acids (BAs) irrespective of etiology [1] . Many diseases are accompanied by cholestasis such as primary biliary cholangitis (PBC) [2] , primary sclerosing cholangitis (PSC) [3] , and biliary atresia [4] . Persistent cholestasis can progress to liver fibrosis and ultimately to endstage liver disease. However, there is limited understanding of the molecular mechanisms underlying cholestasis and cholestasis-related liver fibrosis at present [5] .
BAs are the major organic components in the bile and are known as critical mediators in lipid metabolism. In recent investigations, BAs have been found to be important molecules in inflammatory and fibrotic signaling cascades. Under physiological conditions, the concentration of BAs is tightly restricted [6, 7] , whereas the homeostasis of BA is disrupted during cholestasis. Although there are some adaptative regulatory mechanisms such as inhibition of BA synthesis by fibroblast growth factor 19 (FGF19) [8] and downregulation of the basolateral Na + -dependent bile acid uptake system [9] in the liver, and decreasing the absorption of BA in the ileal [10] , the level of BAs in liver tissues is still strongly elevated in human cholestatic liver disease and rodent cholestasis models [11] . Previous studies reported that taurocholate (TC) is one of the most significant elevated BAs during cholestasis [12, 13] . As the common pathological change in cholestatic disease, high BA concentration is hypothesized to be responsible for the development of cholestatic liver injury [14] . Inflammatory signals are activated by BAs in hepatocytes [15] , and BAs can cause apoptosis [16] or necrosis of hepatocytes [17] at different concentrations and induce proliferation of hepatic stellate cells (HSCs) [18] , all of which contribute to liver fibrosis. Recently, it has been reported that apart from toxicity, BAs can act as activators of various signaling pathways such as JNK [19] , AKT [20] , and ERK [21] in the liver.
Connective tissue growth factor (CTGF/CCN2) is implicated in several biological processes like angiogenesis, adhesion, extracellular matrix remodeling, migration, cell survival, and wound healing [22, 23] ; it is considered as a major fibrogenic factor in liver fibrosis [24, 25] . Several cytokines participate in regulating CTGF/CCN2 expression through different signaling pathways. TGF-β can induce CTGF/CCN2 expression in a Smaddependent manner in hepatocytes [26] , whereas it regulates the expression of CTGF/CCN2 through Smad-independent signaling in hepatic progenitor cells [27] . CTGF/CCN2 also acts as a downstream gene of Yes-associated protein (YAP) [28] , which has been reported to be involved in cholestasis [29, 30] . Moreover, enhanced expression of CTGF/CCN2 was observed in liver tissues of cholestatic patients [31] . However, the relationship between BA accumulation and elevated level of CTGF/CCN2 in the cholestatic liver has not been well explored so far.
In this study, we found that CTGF/CCN2 level was increased in cholestatic liver injury and confirmed that TC induced CTGF/CCN2 expression in hepatocytes. In addition, we found that the ERK-YAP signaling axis was responsible for TC-mediated CTGF/CCN2 expression, whereas TC-activated Akt signaling antagonized ERK-YAP signaling and inhibited the expression of CTGF/ CCN2.
Reagents and Antibodies
TC and verteporfin (VP) were purchased from Sigma-Aldrich (St. Louis, MO). Cycloheximide and SB203580 were purchased from Beyotime Institute of Biotechnology (Shanghai, China). U0126 and MK2206 were purchased from Cayman Chemicals (Ann Arbor, MI). Antibodies against α-smooth muscle actin (α-SMA), YAP, phospho-Akt (Ser473), Akt, phospho-ERK (Thr202/Tyr204), ERK, phospho-p38 (Thr180/Tyr182), p38, phospho-JNK (Thr183/Tyr185), JNK, phospho-Smad2 (Ser465/467), phospho-Smad3 (Ser423/425), phospho-MEK1/2 (Ser221), and β-actin were purchased from Cell Signaling Technology (Beverly, MA); antibodies against CTGF/CCN2, Smad2/3, and MEK1 were purchased from Santa Cruz Biotechnology Inc.
Animals and Bile Duct Ligation (BDL) Rat Model
A total of 12 healthy male Sprague-Dawley rats (body weight 190-210 g) were provided by the Experimental Animal Center of Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China) and housed under a 12h light/12h dark cycle with free access to water and normal chow. All animal study protocols were approved by the Committee on the Ethics of Animal Experiments of Tongji Medical College. For the BDL rat model, after anesthesia with ether, the common bile duct was ligated with 5-0 silk ligatures (Ethicon, Johnson & Johnson, Shanghai, China) and excised; rats in the control group underwent a sham operation. All rats were sacrificed 4 weeks later under ether anesthesia after 12 h of fasting; liver tissue was obtained and stored for further analysis.
Histological Analysis of Liver Sections
Formalin-fixed liver tissues were embedded in paraffin and sections were stained with hematoxylin and eosin and Sirius Red (Servicebio Technology Co., Ltd., Wuhan, China) according to the manufacturer's instructions. Immunohistochemical analysis was performed as described previously [27] . Representative images were obtained by Scope-image.
Real-time Quantitative PCR
Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA). Next, 2μg of total RNA was reverse transcribed into cDNA using PrimeScript ® RT reagent Kit (Takara, Shanghai, China). Primer sequences are listed in Table 1 . Real-Time quantitative PCR was carried out using a CFX96 Touch™ RealTime PCR Detection System (Bio-Rad, Hercules, CA) with SYBR Green PCR Master Mix-PLUS (Toyobo, Osaka, Japan) according to the manufacturer's instructions.
Western Blot Assays
Tissue and cell lysates were resolved using Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membranes. After blocking with Tris-buffer saline (TBS) containing 5% non-fatty milk or bovine serum albumin for 0.5 h at 37°C, the membranes were probed with specific primary antibody overnight at 4°C. Following washing with TBS containing 0.1% Tween 20, membranes were incubated with the respective horseradish 
Plasmids and Luciferase Reporter Assay
The CTGF-promoter-luciferase gene reporter (CTGF-luc) was constructed as described previously [27] . pRL-TK was purchased from Promega (Madison, WI). Both plasmids were transfected using Lipofectamine 3000 (Life Technologies, Carlsbad, CA) according to the manufacturer's instructions. Luciferase activity was detected as described previously [27] .
Transient RNA Interference
Small interfering RNA (siRNA) targeting erk1, erk2, mek1, yap, and scrambled siRNA were designed and synthesized by Ribobio (Guangzhou, China). siRNAs were transfected into the AML12 and BRL cells using Lipofectamine 3000. Efficiency of gene silencing was detected 60 h after the transfection.
Statistical Analyses
Data are presented as mean ± standard error of mean (SEM) from three independent experiments. Statistical analyses were performed by Student's t-test or one-way analysis of variance (ANOVA) using GraphPad Prism 5.0. A value of p < 0.05 was considered statistically significant.
Results

CTGF/CCN2 Is Upregulated in the BDL Rat Model Liver
We first performed BDL in rats to induce cholestatic liver injury, then liver tissue was collected for further analyses. As expected, we detected evidence of cholestasis in the liver and plasma of BDL rats (Fig. 1A) . Liver tissue in the BDL group showed inflammatory cell infiltration and bile duct hyperplasia (Fig. 1B) . Sirius Red staining indicated increased collagen deposition in cholestatic livers of the BDL group and immunohistochemistry, qRT-PCR and Western blotting for α-SMA, indicative of hepatic stellate cell (HSC) activation, showed marked elevation in the BDL group (Fig. 1B-D) . These findings suggest that BDLinduced cholestasis rats had developed liver fibrosis. Also, immunohistochemistry revealed increased CTGF/CCN2 levels in liver tissue of the BDL rats compared to that of controls, and that CTGF/CCN2 was mainly expressed in the hepatocytes. Consistent with the results of immunohistochemistry, qRT-PCR and Western blot analyses revealed that CTGF/CCN2 was dramatically upregulated in BDL rat liver tissue compared with that in the sham group (Fig. 1C, D) . These results suggest that the expression of CTGF/CCN2 is increased in the liver during cholestasis-induced liver fibrosis.
TC induces CTGF/CCN2 expression in hepatocytes
To determine whether BAs regulate the expression of CTGF/CCN2 in hepatocytes, we used two hepatic cell lines: AML12 and BRL. Under the stimulation of taurocholate (TC), the major elevated conjugated BAs during cholestasis [12, 13] , CTGF/CCN2 was upregulated in a time-and dose-dependent manner in both AML12 and BRL cell lines ( Fig. 2A, B ). CTGF/CCN2 mRNA level was consistently increased under TC stimulation (Fig. 2C) . Moreover, treatment with cycloheximide blocked TC-induced CTGF/CCN2 expression ( Fig. 2D ), suggesting that TC promoted CTGF/CCN2 synthesis in vitro. Collectively, these results demonstrate that TC induced CTGF/CCN2 expression in hepatocytes.
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry In addition to the role in digestion, BAs were recently found to be important regulatory molecules by activating multiple signaling pathways. To explore signaling cascades related to TC-induced expression of CTGF/CCN2 in hepatocytes, we examined the activation of pathways that have been reported to mediate CTGF/CCN2 expression. Previous studies indicated that MAPK signaling is involved in regulating CTGF/CCN2 expression [27, 33, 34] and conjugated BAs have been reported to activate ERK and Akt signaling [20, 35] , we therefore examined the activation of ERK, JNK, p38 MAPK and Akt signaling pathways using Western blotting. As shown in Fig. 3A , B, TC activated ERK, Akt, p38 MAPK signaling, indicated by the increased phosphorylation of ERK, Akt, and p38 MAPK, whereas JNK signaling was not activated by TC in hepatocytes. In addition, previous studies reported that CTGF/CCN2 is a classical downstream target of Yes-associated protein (YAP) signaling [36, 37] , thus, we investigated the effect of TC on YAP expression and found that YAP was increased at both the translational and transcriptional levels ( Fig. 3C-E) . Given that CTGF/CCN2 is mainly induced by TGF-β in hepatocytes and TGF-β is an important inducer in BDL-induced fibrosis [38] , we investigated whether TC could activate TGF-β/Smad signaling. Although TGF-β mRNA level was increased in BDL rat liver (data not shown), TC stimulation failed to activate Smad2 and Smad3 in vitro and qRT-PCR showed that TC had no effect on the mRNA level of TGF-β ( Fig.  3F-H) . Taken together, these results suggest that TC activated ERK, Akt, p38 MAPK, and YAP but not JNK and TGF-β/Smad signaling in hepatocytes.
TC activated ERK and YAP signaling contributed to CTGF/CCN2 induction in hepatocytes
The above results show that ERK, p38 MAPK, Akt signaling, and YAP were activated by TC in AML12 and BRL hepatocytes. To further investigate whether these activated signaling cascades were involved in the induction of CTGF/CCN2, we used the MEK1/2 inhibitor (U0126), YAP function inhibitor (VP), p38 kinase inhibitor (SB203580), and Akt inhibitor (MK2206) in combination with TC to treat AML12 and BRL cells. Western blot analysis showed that the activation of these signaling pathways was inhibited by the corresponding (Fig. 4A-D) . However, Western blot analysis and luciferase reporter assay of the CTGF/CCN2 promoter showed that TC-induced CTGF/CCN2 expression was abolished only in the presence of U0126 or VP (Fig. 4A-E) . Interestingly, MK2206 even showed synergistic effects with TC on CTGF/CCN2 induction in hepatocytes (Fig. 4D, E) . Furthermore, we used specific small interfering siRNAs targeting mek1, erk1, erk2, and yap in AML-12 and BRL cells to further confirm that TC-activated ERK and YAP signaling contributed to CTGF/CCN2 induction in hepatocytes. The results showed that siRNA directed against mek1, erk1, erk2, and yap reduced the expression of the respective targeting genes effectively (Fig. 4F-H) . .01, compared with second; (F) AML12 and BRL cells were transfected with specific siRNAs against erk1, erk2 (siErk1 or siErk2 cells) or co-transfected with erk1 and erk2 siRNA (siErk cells) or scramble shRNA (siSc cells) and transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analyses with antibodies against indicated proteins. β-actin was used as a loading control; (G) AML12 and BRL cells were transfected with specific siRNAs against mek1 (siMEK1 cells) or scramble shRNA (siSc cells) and transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analyses with antibodies against indicated proteins. β-actin was used as a loading control; (H) AML12 and BRL cells were transfected with specific siRNAs against yap (siYAP cells) or scramble shRNA (siSc cells) and transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analyses with antibodies against indicated proteins. β-actin was used as a loading control. In addition, knock down of MEK1, ERK1 and 2, and YAP by siRNA attenuated CTGF/CCN2 induction by TC in both AML12 and BRL cells (Fig. 4F-H) . Thus, ERK and YAP signaling contribute to TC-stimulated CTGF/CCN2 expression in hepatocytes.
YAP is a downstream molecule of TC-ERK signaling in hepatocytes
The relationship between YAP and ERK signaling is ambiguous, and previous studies reported that YAP activated ERK signaling [39] [40] [41] and that ERK inhibition downregulated the expression and activation of YAP [42] . Thus, we examined interactions between YAP and ERK signaling in TC-induced CTGF/CCN2 in hepatocytes. The MEK1/2 inhibitor U0126 inhibited TC-induced expression of YAP in both AML12 and BRL cells (Fig. 5A) . Knockdown of mek1, erk1 and 2 by specific siRNAs in AML12 and BRL cells also attenuated TC-induced expression of YAP (Fig. 5B, C) . However, both YAP inhibitor and specific siRNA targeting yap had no effect on the activation of TC-MEK/ERK signaling, as indicated by the protein level of phospho-ERK (Fig. 5D, E) . These results indicate that YAP functions as a downstream molecule of ERK signaling in TC-induced expression of CTGF/CCN2. transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analysis with antibody against YAP. β-actin was used as a loading control; (C) AML12 and BRL cells were transfected with specific siRNAs against erk1, erk2 (siErk1 or siERK2 cells) or co-transfected with erk1 and erk2 siRNA (siERK cells) or scramble shRNA (siSc cells) and transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analysis with antibody against YAP. β-actin was used as a loading control;(D) AML12 and BRL cells were treated with TC (100 μM) and VP (1 μM) as indicated for 12 hours, and then lysates were subjected to Western blot analyses with antibodies against indicated proteins. β-actin was used as a loading control:(E) AML12 and BRL cells were transfected with specific siRNAs against yap (siYAP cells) or scramble shRNA (siSc cells) and transfected cells were treated with or without TC (100 μM) for 12 hours. Lysates were subjected to Western blot analyses with antibodies against indicated proteins. β-actin was used as a loading control.
Cellular Physiology
The expression of YAP and the activity of MEK/ERK, p38, Akt signaling were all elevated in the cholestatic liver We then measured the expression of YAP and activation of MEK/ERK, p38, Akt, and JNK signaling in BDL rat liver. Analyses of serial immunostained liver sections showed that YAP, phospho-MEK, phospho-ERK, phospho-p38, and phospho-Akt were all increased and partly co-expressed in the BDL-induced cholestatic liver (Fig. 6A) . But phospho-JNK was not elevated in the BDL-induced cholestatic liver, which was consistent with the in vitro results. Additionally, Western blotting showed enhanced expression of YAP, p-MEK, p-ERK, p-p38, p-Akt but not p-JNK in BDL rat liver tissue compared with that in the sham group (Fig. 6B) . sham rats liver samples were subjected to immunohistochemical analyses of YAP, p-ERK, p-MEK, p-p38, p-Akt and p-JNK. Representative images were taken, scale bar, 100 μm; (B) Liver tissues of BDL and sham rats lysates were subjected to Western blot analyses with antibodies against indicated proteins. GAPDH was used as a loading control; (C) mRNA levels of YAP of liver tissues from BDL and sham rats were detected by real-time PCR. Relative mRNA levels were normalized to GAPDH and represented as mean ±S.E.M. (n=3). ****, p<0.0001.
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Real-time PCR analysis showed that YAP mRNA level of the BDL rat liver was higher than that of the sham group (Fig. 6C ). Taken together, these results prove that YAP expression and MEK-ERK, p38, Akt signaling activation are all elevated in cholestatic livers.
TC-Akt signaling antagonize TC-MEK/ERK signaling in hepatocytes
Of note, we observed that inhibition of Akt signaling increased the level of CTGF/CCN2 in the presence or absence of TC stimulation in hepatocytes. To further illustrate this finding, we tested the activation of ERK signaling and the level of YAP in AML12 and BRL cells treated with MK2206. Inhibiting Akt signaling with MK2206 resulted in elevated TC-activated ERK and downstream YAP signaling in both AML12 and BRL cells (Fig. 7A) . On the contrary, both MEK1/2 inhibitor and YAP inhibitor showed no effect on activation of TC-Akt signaling (Fig.  7B, C) . Collectively, these results suggest that TC-Akt signaling shows an antagonistic effect on TC-ERK signaling in regulating the expression of CTGF/CCN2 in hepatocytes (Fig. 7D) .
Discussion
BAs, the major constituents of bile, are synthesized from cholesterol in the liver and secreted into the intestine to facilitate absorption [6] . Impairment of bile formation or interruption of bile flow can lead to cholestasis [43] . During cholestasis, the high level of toxic BAs cause apoptosis and necrosis of hepatocytes, activate inflammatory signaling cascades, and promote proliferation of HSCs [15] [16] [17] [18] , all of which contribute to liver fibrosis. 
Cellular Physiology and Biochemistry
Recent investigations revealed that BAs function as regulators of several cellular signaling pathways like JNK, ERK, and Akt signaling [19] [20] [21] . The precise roles of signaling cascades activated by BAs are worth to be explored. In this study, we used a BDL rat model, a classic experimental model of cholestasis, to induce obstructive cholestatic injury in rats [44] and found that the classical fibrotic matricellular protein CTGF/CCN2 was dramatically increased in BDL-induced liver fibrosis. CTGF/CCN2 is a fibrogenic master switch in the fibrotic liver diseases, and is synthesized and secreted by various types of cells in the liver [24] ; CTGF/CCN2 inhibition has been shown to prevent liver fibrosis [45] . Extracellular stimuli like EGF and TGF-β [26, 37] regulate CTGF/ CCN2 expression through different intracellular signaling pathways. Besides, in cholestasisinduced human cirrhosis, CTGF/CCN2 expression was also found to be increased [31] . Thus, we wondered whether BA can act as an inducer of CTGF/CCN2 through certain signaling pathways. To investigate this assumption, we used the hepatic cell lines, AML12 and BRL, to explore the effect of BAs on CTGF/CCN2 expression. We found that TC, one of the major substantially elevated BAs in the cholestatic liver [12, 13] , upregulated CTGF/CCN2 levels in both AML12 and BRL cells. Other groups have reported that JNK, Akt, and ERK were activated by BAs and our previous study indicated that ERK, JNK, and p38 MAPK signaling mediated CTGF/CCN2 expression in liver progenitor cells [27] , and so we checked whether TC could activate these pathways in hepatocytes. Our results showed that TC activated ERK, p38 MAPK, and Akt, but not JNK signaling cascades. Consistent with previous reports, JNK signaling was not activated in hepatocytes in BDL-induced cholestasis [46] . Furthermore, YAP was reported to be involved in cholestasis-related liver fibrosis and liver cancer progression, and served as a classical upstream regulator of CTGF/CCN2 in mammalian cells [29, 30] . Thus, we investigated whether BAs regulate CTGF/CCN2 levels through YAP and found that TC increased YAP levels in hepatocytes. Moreover, when combined with respective inhibitors, we observed that only ERK and YAP activation mediated TC-induced production of CTGF/ CCN2. Although TGF-β was reported to be a main inducer of CTGF/CCN2 in hepatocytes [47] , we found that TC neither activated Smad2/Smad3 nor enhanced the synthesis of TGF-β, which indicated that TGF-β/Smad signaling was not involved in TC-induced CTGF/CCN2 in hepatocytes.
The relationship between ERK signaling and YAP was elusive; YAP expression levels affected ERK1/2 phosphorylation in human hepatocellular carcinoma, cutaneous squamous cell carcinoma, and breast cancer cell lines [39] [40] [41] , while in non-small cell lung cancer cells, reducing the ERK levels could decrease YAP expression [42] . In our study, we observed that MEK/ERK inhibitors U0126 and specific siRNAs targeting mek1, erk1, and erk2 decreased TC-induced expression of YAP and CTGF/CCN2 in hepatocytes. In contrast, inhibitor of YAP as well as siRNAs targeting yap caused the reduction in the expression of CTGF/CCN2, but showed no effect on activation of ERK signaling in hepatocytes. Consistent with the in vitro results, p-MEK, p-ERK, and YAP levels were all upregulated in BDL rat liver compared to the sham group. Taken together, these results suggest that ERK signaling serves as an upstream regulator of YAP in CTGF/CCN2 expression in hepatocytes.
Extracellular signals like EGF and IGF were found to activate both ERK and Akt signaling, whereas the relationship between Akt and ERK signaling was not clear in hepatocytes. In addition, the role of Akt signaling in fibrosis is controversial and dependent on cell context; IL-10 apparently inhibited fibrosis by activating Akt signaling [48] , whereas in hepatic stellate cells, Akt signaling showed profibrotic effects [49] . Here, we observed that TC activated both ERK and Akt signaling, and Akt signaling inhibited TC-activated ERK signaling in hepatocytes, suggesting that the TC-ERK/YAP/CTGF/CCN2 axis may be inhibited by the TC-Akt axis in hepatocytes. Therefore, Akt signaling may exert anti-fibrotic effects in hepatocytes during cholestasis and may be a promising therapeutic target for cholestatic diseases, but the comprehensive effect of Akt inhibitors needs to be further explored in the liver. 
Conclusion
In this study, we confirmed that CTGF/CCN2 was increased in hepatocytes during cholestasis-induced liver fibrosis. Additionally, TC mediated the de novo synthesis of CTGF/CCN2 in hepatocytes. Furthermore, TC-activated ERK-YAP axis contributed to the upregulation of CTGF/CCN2 in hepatocytes, whereas TC-activated Akt signaling showed an inhibitory effect on the ERK-YAP axis and the expression of CTGF/CCN2. These results have provided evidence for the fibrotic role of TC in the liver, suggesting that elevated TC and its downstream ERK-YAP signaling may be potential therapeutic targets in cholestatic liver fibrosis (Fig. 7D) .
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